Background: This paper describes the health and economic burden of cardiovascular diseases (CVD) in Mexico and other mega-countries through a review of literature and datasets. Methods: Mega-countries with a low (Nigeria), middle (India), high (China/Brazil/Mexico), and very high (the U.S.A./Japan) human development index were included. The review was focused on prevalence of dyslipidemias and CVD economic impact and conducted according to the PRISMA statement. Public datasets of CVD indicators were explored. Results: Heterogeneity in economic data and limited information on dyslipidemias were found. Hypertriglyceridemia and hypercholesterolemia were higher in Mexico compared with other countries. Higher contribution of dietary risk factors for cardiovascular mortality and greater probability of dying prematurely from CVD were observed in developing countries. From 1990-2016, a greater decrease in cardiovascular mortality in developed countries was registered. In 2015, a CVD expense equivalent to 4% of total health expenditure was reported in Mexico. CVD ranked first in health expenditures in almost all these nations and the economic burden will remain significant for decades to come. Conclusions: Resources should be assured to optimize CVD risk monitoring. Educational and medical models must be improved to enhance CVD diagnosis and the prescription and adherence to treatments. Long-term benefits could be attained by modifying the food system. control of chronic diseases for 2013-2020, creating a global initiative with a series of strategies to reduce the negative effects of CVD [3] .
Introduction
Currently, cardiovascular diseases (CVD) are considered a major global health problem [1] . The global cumulative economic loss from not implementing strategies to tackle CVD and other chronic diseases from 2010 to 2030 is expected to be $47 trillion US dollars (USD), which is equivalent to 75% of the 2010 gross domestic product (GDP) [2] [3] [4] [5] . Due to the health and economic burden that these diseases generate, the World Health Organization (WHO) launched an action plan for prevention and
Materials and Methods
A literature review and exploration of secondary datasets with epidemiological indicators of CVD and their risk factors were carried out, in addition to a review on the expenditure generated by its medical costs in Mexico. Data from six selected mega-countries with a population of ≥100 million [23] and a low (Nigeria), middle (India), high (China, Brazil, and Mexico), or very high (the U.S.A. and Japan) human development index (HDI) were also included. The HDI is composed of three indicators:
(1) Health that considers life expectancy at birth; (2) education that considers the adult literacy rate and years of education; and (3) income with GDP per capita in international dollars. Thus, HDI allows for a comprehensive comparison between countries [24] .
Literature Review
A literature review was conducted and reported following the standards provided by the PRISMA statement [25, 26] (PRISMA checklist (see Supplementary file 1)). Searches were first carried out in PubMed. Afterwards, to complement the review, a second search was performed considering the following order: ScienceDirect, Google Scholar, ResearchGate, and reference lists from studies. Duplicated studies found in the different stages were excluded from the final count. The review was conducted on two main topics: (1) Prevalence of dyslipidemias and (2) attributable economic burden to CVD, both nationwide. This review was carried out between January 2017 and December 2018.
The search period was limited to 2006 due to the availability of information on CVD costs in Mexico. As a result, to provide a standardized description of both topics, the first general inclusion criterion for the identification process was literature published in and related to the period between 2006 and 2018. The same search period was applied for the rest of the countries.
Identification, screening, filtering, and eligibility processes were performed for each topic. Searches were also limited to the availability of full abstracts and studies in humans. Search strategies were composed mainly of MeSH terms, but free vocabulary was also considered. Language restriction filters were not applied in the identification and screening processes. Eligibility and inclusion of studies were restricted to either English or Spanish, which are languages with which authors are familiar. Studies without clearly reported methods were excluded. Search strings are available in Supplementary Table S1 (see Supplementary file 2).
Given the implications of dyslipidemias for cardiovascular risk and the importance of actions against these lipid alterations to reduce CVD burden and expenditures described above, the first search was focused on the prevalence of high triglycerides (TG), high total cholesterol (TC), low high-density lipoprotein cholesterol (HDL-c), and high LDL-c in healthy adults ≥18 years old. The terms used in this review were "dyslipidemia" (or "dyslipidemias") and "prevalence" (or "epidemiology"). Additionally, titles and abstracts of the identified articles were screened and filtered looking for the terms of lipid alterations, lipid abnormalities, proportion, patterns, trends, and population-based survey. For the eligibility process, the order of the following inclusion criteria and study characteristics were considered:
(1) The most recent population-based surveys nationwide; (2) the most recent metanalyses or systematic reviews nationwide; (3) the most recent population-based surveys at regional level, and (4) studies with samples from multiple cities. Studies and information related to comorbidity of dyslipidemias with other conditions were excluded.
The second search was concentrated on estimates associated with economic burden attributable to CVD. CVD included in the 10th revision of the International Statistical Classification of Diseases and Related Health Problems (ICD-10) and their risk factors were considered in this stage. The terms used on this search were "cardiovascular disease" (or "cardiovascular diseases") and "cost" (or "economics"). The following vocabulary was considered for screening and filtering of abstracts and titles: expenditure, expenses, charges, spending, spent, economy, economic burden, economic impact, coronary heart disease (CHD), angina, heart disease, ischemic heart disease, myocardial infarction, myocardial ischemia, stroke, cerebral ischemic vascular event, ischemic vascular event, and vascular event. The main outcomes for this review were expenditures, rank of economic impact among different causes, fraction of relevant economic indicators spent on CVD, and projected economic losses and expenses. Full texts of cost-effectiveness studies were not reviewed. The following inclusion criteria were considered in the eligibility process: (1) Nationwide information; (2) report of monetary indicators, and (3) use of cost components, cost of illness methods, and modelling approaches. Microeconomic data were excluded (e.g., cost of treatment per patient year).
Identification and screening processes were carried out by one trained researcher. Afterwards, each potential article was fully reviewed in order to fill out the inclusion criteria checklist and to exclude studies that did not meet the criteria. All the studies classified as eligible were read by the research team and their inclusion decided by consensus. Data on authors, titles, databases, study design, year of estimation, main indicators, reported methodology, and main outcomes of the reviewed and included studies were extracted and summarized.
In order to standardize economic information, estimate expenditures from Mexico were deflated by considering the accumulated inflation until the year of the most recent information: 2006−2016 = 46.81%; 2008−2016 = 32.82%; 2014−2016 = 5.56%, and 2015−2016 = 3.36%. Additionally, these estimates were adjusted by purchasing power parities (PPP) for 2016 (1 USD-PPP = $8.87 pesos). Meanwhile, Mexican economic projections are presented as they appear in the literature. Economic data in currencies from other mega-countries were calculated to USD using the average yearly exchange rate. In addition, data from the studies that provide estimates in USD were kept and presented in this way.
Review and Analysis of Secondary Databases
Databases from the Mexican national surveys of health and nutrition (Spanish acronym: ENSANUT) 2006 and 2012 [27, 28] were analyzed to estimate the prevalence of obesity and hypertension in the northern, central-western, central, and southern regions of Mexico. Datasets of medicines purchases from the IMSS were reviewed in order to obtain information of expenditure on statins in Mexico [29] .
Data from the Global Burden of Disease (GBD) study 2017 [10] related to age-standardized mortality rates of CVD and the attributable percentage of metabolic and dietary risk factors to cardiovascular deaths were reviewed. The metabolic risk factors were high systolic blood pressure, high LDL-c, high fasting plasma glucose, excess body weight, and impaired kidney function. The dietary risk factors were a low intake of nuts/seeds, vegetables, fruits, legumes, whole grains, fiber, polyunsaturated fatty acids (PUFAs) Ω-3 from fish and seafood, a high intake of trans fatty acids, sodium, processed meat, and sugar-sweetened beverages. In the case of Mexico, information on IHD, ischemic stroke, CVD in general, and all the previous risk factors were considered. For the other selected countries, data on only CVD in general and four risk factors were included: (1) Low intake of seeds and grains; (2) low intake of polyunsaturated fatty acids (PUFAs) Ω-3; (2) hypertension; and (3) hypercholesterolemia.
The WHO Global Health Observatory databases [30] were explored. From these, the indicator that reflects the probability of dying between 30 and 70 years old (premature death) from any CVD, cancer, diabetes, or chronic respiratory disease, was obtained. The information was reviewed for 2000 and 2016 in the seven mega-countries.
A narrative synthesis of the information identified in the literature reviews and the secondary datasets was conducted. In order to complement this article, some strategies to decrease the burden of CVD were discussed (no extensive review was performed for this particular literature).
Results

Literature Search
The detailed PRISMA flow diagram for the reviews on prevalence of dyslipidemias and CVD economic burden in seven mega-countries can be visualized in Figure 1 . After removing duplicates, a total of 5776 studies were found on prevalence of dyslipidemias in the analyzed mega-countries. One hundred thirteen articles were fully reviewed and 13 of them were included. The number of identified studies on the economic burden of CVD in these nations was 8745 after duplicates, from which 201 were fully read and 19 included in this review. A summary of all the fully reviewed and included studies can be found in the Supplementary Tables S2-S5 (see Supplementary file The nationwide and regional representative prevalence of hypertriglyceridemia, hypercholesterolemia, hypoalphalipoproteinemia, and high LDL-c, as well as the prevalence of Mexican adults eligible for pharmacological and lifestyle lipid-lowering therapy according to cardiovascular risk profiles in 2006, were obtained from two studies derived from ENSANUT [9, 31] . Eligibility profiles in the latter study were based on lipid-lowering treatment recommendations considering the absolute risk of having CHD according to the National Cholesterol Education Program (NCEP) and the sex-and age-specific Framingham score tables [31, 32] .
The most recent information about the prevalence of dyslipidemias in the U.S.A. [33] [34] [35] and Japan [36, 37] was obtained from studies based on analyses of the National Health and Nutrition Examination Survey (NHANES) and from a review on the Japanese National Health and Nutrition Survey 2015. For India, evidence of 2008-2010 from the Indian Council of Medical Research India Diabetes Study (ICMR-INDIAB study) was included [38] . Data from Nigeria were obtained from a study based on population-based surveys of four geopolitical areas [39] , and data from China came from a 2014 metanalysis [40] and a nationally representative survey carried out between 2013 and 2014 [41] . In the case of Brazil, this information was collected from a prospective study with 15,105 participants [42] and the prevalence of self-reported high cholesterol levels was identified in a study The nationwide and regional representative prevalence of hypertriglyceridemia, hypercholesterolemia, hypoalphalipoproteinemia, and high LDL-c, as well as the prevalence of Mexican adults eligible for pharmacological and lifestyle lipid-lowering therapy according to cardiovascular risk profiles in 2006, were obtained from two studies derived from ENSANUT [9, 31] . Eligibility profiles in the latter study were based on lipid-lowering treatment recommendations considering the absolute risk of having CHD according to the National Cholesterol Education Program (NCEP) and the sex-and age-specific Framingham score tables [31, 32] .
The most recent information about the prevalence of dyslipidemias in the U.S.A. [33] [34] [35] and Japan [36, 37] was obtained from studies based on analyses of the National Health and Nutrition Examination Survey (NHANES) and from a review on the Japanese National Health and Nutrition Survey 2015. For India, evidence of 2008-2010 from the Indian Council of Medical Research India Diabetes Study (ICMR-INDIAB study) was included [38] . Data from Nigeria were obtained from a study based on population-based surveys of four geopolitical areas [39] , and data from China came from a 2014 metanalysis [40] and a nationally representative survey carried out between 2013 and 2014 [41] . In the case of Brazil, this information was collected from a prospective study with 15,105 participants [42] and the prevalence of self-reported high cholesterol levels was identified in a study based on the National Health Survey 2013 [43] .
Expenditure estimates of CVD in Mexico were identified in a report from 2006, which included information on curative medical care, medical products, prevention actions, health management, laboratory services, research, and technological development in the Ministry of Health, IMSS, ISSSTE, and the private sector [2] . Estimates from the Ministry of Health and IMSS related to expenses on medical consultation, laboratory tests, medications, and hospitalization from addressing hypertension and IHD nationwide were obtained from a 2012 ENSANUT study [44] .
Information on the expenditure generated by five CVD in Mexico in 2015 was identified through a study in press. These estimates considered the economic burden of medical treatment, and formal and informal medical care in the Mexican health system. In addition, they included the loss of productivity and welfare caused by hypertension, acute myocardial infarction, atrial fibrillation, and heart failure nationwide [45] .
Expected total costs associated with hypertension for 2016 in Mexico, including indirect and direct expenditures for the Ministry of Health, IMSS, ISSSTE, and patients and families were identified in a study published in 2015 [46] . These estimates were based on national registries and were calculated through a modelling approach considering the changes in cases and demand of services in the health system. Another study from 2017 with similar sources and methodology was included. In this article, estimates concerned only older adults in Mexico [47] . Additionally, information on IMSS expenditures on atorvastatin and pravastatin in 2016 was obtained from the institution's online datasets of medicine purchases. These statins are part of the official catalogue of drugs from the Mexican public health sector.
Projections of the attributable expenditure to IHD, acute myocardial infarction, and stroke in Mexico were identified in a 2014 study. These estimates were based on USD from 2010 and three hypothetic scenarios of obesity rate changes between 2010 and 2050: (1) No reduction of the average BMI in the Mexican population; (2) reduction of 1.0%, and (3) of 5.0% [48] [49] [50] [51] . These trends were based on BMI data from Mexican health and nutrition surveys of 1993, 1999, 2000, and 2006 .
Data on the national economic burden of CVD in the other mega-countries were collected from a series of studies and reports [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] . Beginning with countries of a low and middle HDI, data of projected economic losses due to CVD in India between 2012 and 2030 were identified in a study based on the World Health Organization's EPIC model of economic growth. Information from Nigeria was obtained from a study that aimed to estimate the expected loss of GDP to 2015 in 23 low-and middle-income countries through an economic growth model.
Two studies related to CVD expenditures in China were included. The first one was related to estimates of foregone GDP projected to 2030 based on a human capital augmented production function, and the second one to hospitalization expenses in 2014. The included studies for Brazil concerned the economic impact of hypertension, heart failure, myocardial infarction, and atrial fibrillation including direct and indirect costs calculated through a cost of illness framework, as well as estimates on direct and indirect cost of CVD nationwide in 2015.
Evidence of CVD economic impact for mega-countries with a very high HDI were identified in seven sources. Expenditure estimates on ambulatory, emergency, inpatient, and nursing facility care, as well as pharmaceuticals in 2013 for the U.S.A were identified in one study. Data of direct and indirect costs between 2013 and 2035 were found in two reports from the American Heart Association. Current and projected estimates associated with informal caregiving for patients with CVD were obtained from another article (2015-2030, zero-inflated binomial model). For Japan, information on expenditures generated by direct medical care, morbidity and mortality, as well as by expenditures from insurance benefits and those incurred by family and friends for medical care at the household or community level, was identified in a single study. Other study based on the Cost of Illness method and modelling estimations reporting the economic impact of IHD in 2014, and between 2017 and 2029, was also included. In addition, projections of foregone GDP to 2030 based on a human capital augmented production function were identified.
A total of 16 reports and studies about strategies against CVD were reviewed for discussion. The included interventions were those identified by the WHO as the most cost-effective [3] and other similar strategies studied in isolation among the selected countries.
CVD Risk Factors
After obesity, hypoalphalipoproteinemia (HDL-c < 50 mg/dL for women and <40 mg/dL for men) and high LDL-c (≥100 mg/dL) were the most prevalent cardiovascular risk factors in Mexican adults in 2006 (Table 1 ). In the same year, the prevalence of hypercholesterolemia in northern and central Mexico was higher than in the other regions.
Prevalence of hypertension (systolic/diastolic blood pressure ≥140/≥90 mm Hg) in Mexico did not show substantial changes in the analyzed period. This condition was observed in three out of every ten Mexican adults and its prevalence in the northern region was the highest in 2006 and 2012. According to the newest data from the ENSANUT, prevalence of high blood pressure in Mexican adults was 25.5% in 2016 (data is not shown on tables) [72] .
The most recent prevalence of hypertriglyceridemia and hypercholesterolemia in Mexico was higher compared with that in India, Nigeria (TG ≥ 150 mg/dL and TC ≥ 200 mg/dL), China, Japan (TG ≥ 200 mg/dL and TC ≥ 240 mg/dL), and in the U.S.A. (TG ≥ 150 mg/dL and TC ≥ 240 mg/dL) (Tables 1  and 2 ). The highest prevalence of high LDL-c were found in Brazil (57.6% (women) 58.5% (men), LDL-c ≥ 130 mg/dL), Mexico (46.0%, LDL-c ≥ 130 mg/dL), and in the U.S.A. (27%, LDL-c ≥ 160 mg/dL (low risk groups), ≥130 mg/dL [intermediate-risk groups], and ≥100 mg/dL (high risk groups)). India had the highest prevalence of hypoalphalipoproteinemia (<50 mg/dL for women and <40 mg/dL for men).
Prevalence of Eligible Mexican Adults for Lipid-Lowering Therapy
In 2006, 36.3% of Mexican adults were eligible for therapy of lifestyle changes and 24.2% for pharmacological treatment considering their cardiovascular risk profile (Table 3 ) [31] . From the Mexican adults with cardiovascular risk profile one, 70.5% were eligible to follow pharmacological and lifestyle treatment. From the adults with diabetes, 71.4% were candidates for both treatments. Around 39.0% of the adults with two or more cardiovascular risk factors were candidates for lifestyles changes and 23.9% for medicines. The prevalence of Mexican adults with cardiovascular risk profiles two, three, and four that were candidates for treatment of lifestyle changes was 30.7%, 55.3%, and 80.5% respectively. Meanwhile, the prevalence of adults with these profiles that required drugs was of 10.9%, 55.3%, and 80.5%, respectively [31] .
CVD Mortality Attributable to Metabolic and Dietary Risk Factors
According to the GBD study in 2017, dietary risks factors contributed 48.4% to total CVD deaths, and 65.7% and 23.2% to the mortality associated with IHD and ischemic stroke in Mexico, respectively ( Table 4 ). The intake of trans fatty acids contributed 6.7% to total CVD deaths and 10.2% to IHD deaths in the Mexican population. The percentage of CVD and IHD deaths attributable to low PUFAs Ω-3 intake was 8.1% and 13.0% respectively. The contribution of low intake of PUFAs Ω-3 and nuts/seeds to CVD mortality was higher in less developed countries (11.3% and 13.0% India; 8.1% and 13.8% Mexico) compared to the developed countries (0.078% and 8.9% Japan; 6.5% and 10.7% the U.S.A.) [10] . Tables 2 and 4 . [59] Costs associated with ischemic heart disease: $16.13 billion (2014) [71] $316.1 billion (2013) [55] CVD: $555 billion (2016) [69] Costs of informal caregiving for patients with CVD: $61 billion (2015) [70] Rank nationwide e First (among projected economic losses due to CVD, diabetes, chronic respiratory disease, cancer, and mental health conditions to 2030) [66] -First (among CVD, obesity and diabetes expenditures) [2] Second (among projected expenditures due to CVD, diabetes, chronic respiratory disease, cancer, and mental health conditions to 2030 [67] -First (among expenditures generated by cancer, heart disease, and cerebrovascular disease) [59] First (among expenditures generated by 14 aggregated condition categories) [53] Metabolic risk factors were associated with 77.4% of total CVD deaths, 84.1% of the IHD deaths, and 68.6% of the ischemic stroke mortality in Mexico. High LDL-c ranked second among the metabolic risk factors with major influence on mortality caused by CVD and IHD (just after high systolic blood pressure), with a contribution of 30.0% and 44.6% to the deaths from these conditions in Mexican individuals. This lipid abnormality ranked third among metabolic risk factors that contributed most to ischemic stroke mortality, with 20.7% of its deaths. In every single selected country, the contribution of the high LDL-c to total CVD deaths was equal to or higher than 15.9%, and in Mexico it had the highest contribution [10] . Tables 2 and 4 .
Probability of premature death by CVD and other chronic diseases in 2016 was of 23.3%-22.5% for low-middle HDI countries, 17.0-15.7% for high HDI countries, and of 14.6%-8.4% for very high HDI countries [30] . From 1990 to 2017, a relative decrease in age-standardized CVD mortality rates of 11.1%, 27.3% 22.0%, 21.2%, 47.9%, 56.8%, and 41.0% in India, Nigeria, Mexico, China, Brazil, Japan, and the U.S.A., was observed respectively [30] (Table 2 ).
Attributable Expenditures to CVD
In 2006, CVD care concentrated 55% of the total public and private health expenditures directed to address diabetes, obesity, and CVD in Mexico. The expenditures on CVD in USD-PPP were $812.5 million in the ISSSTE, $1.8 billion in the IMSS, and $343.2 million in the Ministry of Health. The equivalent percentages of the annual budget of these institutions were 23.2%, 11.0%, and 2.4%, respectively. Between 48.4% and 66.0% of the total expenditures on chronic diseases in these three institutions corresponded to CVD. The percentage of the annual budget spent on CVD drugs was 2.8% in the ISSSTE, 1.9% in the IMSS, and 0.2% in the Ministry of Health. The expenditures on control and prevention actions for CVD from the annual budget of the Ministry of Health was 2.3% and 0.02%, respectively [2] .
In 2012, the IMSS allocated USD-PPP $1.3 billion and USD-PPP $719.8 million to address hypertension and IHD respectively, including ambulatory consultation, laboratory tests, drugs, and hospitalization expenditures. The Ministry of Health spent USD-PPP $425.9 million on hypertension and USD-PPP $107 million on IHD in the same areas [44] . In 2015, hypertension, myocardial infarction, atrial fibrillation, and heart failure represented an expense of USD-PPP $11.2 billion in Mexico, including the loss of productivity and welfare [45] .
The Ministry of Health, IMSS, and ISSSTE were expected to respectively allocate USD-PPP $1.6, $2.7, and $1.1 billion to address the increased demand of health services associated with hypertension in 2016. The expenditures expected for users surpassed the sum of these previous amounts, being USD-PPP $5.6 billion [46] . A similar pattern in the proportion of these expenses among health care providers and users over 60 years old was observed by 2015 [47] . In 2016, the IMSS spent USD-PPP $6.6 million on atorvastatin and USD-PPP $16.1 million on pravastatin, and the average unit price of these statins was USD-PPP $1.1 and USD-PPP $1.08, respectively [29] (Table 5 ).
In the case that the average BMI in the Mexican population remains static from 2010 to 2050, the economic burden of IHD, myocardial infarction, and stroke would mean a nationwide accumulated expenditure of USD $23 billion. A reduction of 1.0% in the average BMI in the population would reduce USD $986 million from the accumulated CVD expenditures in this period, while a decrease of 5.0% would save USD $753 million to 20 years and USD $2.1 billion to 40 years [51] (Figure 2) . CVD ranked first among expenditures derived from health care for different causes in India, Mexico, Japan, and the U.S.A., and it represented the second place in China. The highest expenditure due to CVD was reported in the evidence from the U.S.A., USD $316.1 billion in 2013 [55] and $555 billion in 2016 [69] . Projections indicate that the economic losses generated by CVD will be of USD $918 billion [55]-$1.1 trillion [69] , USD $756 billion [67] , USD $2.17 trillion [66] , and of $1.5 trillion [67] for the U.S.A., Japan, India, and China by 2030-2035, respectively. One study in Japan indicated an expected decrease in the economic burden generate by IHD, reducing from USD $15.3 billion in 2017 to USD $11.5 billion by 2029 [71] . Projections were not found for Brazil (Table 2 ). 
Strategies to Decrease the Burden of CVD
According to the WHO, strategies such as reducing high sodium intake, decreasing tobacco use, and optimization of pharmacological treatment, are the Best Buy Interventions against CVD [3] . An additional investment of USD $1.5 per capita per year to scale up these strategies between 2015 and 2030, would mean avoiding the incidence of eight million IHD cases and 13 million strokes in countries where the highest chronic disease burden is concentrated [65] .
Studies in some mega-countries have shown how beneficial the implementation of actions similar to the Best Buy Interventions could be to the primary prevention of CVD. For instance, in the U.S.A., adherence to a healthy diet and other lifestyle recommendations are associated with a reduction of up to ≈92% of cardiovascular risk in the population [76] [77] [78] . In India, a reduction of 3 g/d in average population salt consumption through regulations would prevent ≈400,000 and ≈81,000 CVD events and deaths over 30 years, respectively [63] . Unhealthy food taxation is also a promising strategy against CVD. The projections in Mexico indicate that a reduction of 10% in the consumption of sugar-sweetened beverages through taxes could prevent ≈46,300 CHD cases and 14,200 myocardial infarctions over 10 years [73] . In India, a 10% palm oil tax could reduce ≈363,000 deaths by myocardial infarction in 10 years [64] . Another kind of policy to reduce the CVD burden are the subsidies for healthy food. For example, a 10% reduction in the prices of fruits, vegetables, and nuts/seeds through this strategy, could prevent 0.6% (≈2213), 0.8% (≈2873), and 0.9% (≈3148) of the total annual CHD deaths in the U.S.A., respectively [79] ( Table 2) .
The control of hypercholesterolemia [80] , hypertension [81] , and diabetes [80] , as well as smoking cessation [82] in the secondary prevention level, are essential to promptly reduce the CVD burden [83] . Studies aimed to evaluate the potential of controlling these risk factors have shown substantial expected benefits. For instance, simulation models in the U.S.A. indicate that optimal achievement of management goals of hypertension could reduce ≈56,000 events and ≈13,000 deaths from CVD annually [75, 81] . In China, projections show that optimizing and broadening lipid-lowering therapy coverage could avoid ≈850,000 cases of myocardial infarction and ≈300,000 deaths from CVD each year [54] . In Japan, results derived from a prospective cohort study showed a reduction of ≈66% in the risk of cardiovascular events in healthy adult men associated with smoking cessation for a period equal to or greater than four years [74] (Table 2) . However, optimal treatment goals are hard to achieve. In order to effectively treat these conditions, various elements and actions have been recommended: (1) Having a well-trained multidisciplinary health team (e.g., through skills certification);
(2) making adjustments to schools' health curriculums (involving the newest treatment guidelines);
(3) incorporating family in therapies; (4) creating mutual-help groups with motivation strategies; (5) improving accessibility and availability of medications; and (6) implementing well-structured interventions (e.g., by using electronic health records) [84] .
Discussion
Compared to developed mega-countries, Mexico and the nations with a similar o lesser HDI experience greater challenges related to CVD. In these countries, dietary risk factors contribute more to cardiovascular mortality. Furthermore, there is a greater probability of premature death from CVD and in the last decades, there has been a lower decrease in mortality rates. The economic burden from CVD was significant in both the developing and developed countries analyzed, representing the main health expenditure. Making this comparison was not possible for Nigeria and Brazil since the information was not identified. Additionally, projections indicate that this economic threat will remain significant for these countries by 2030-especially for China, India, and the U.S.A.
The inverse association between countries' development and the burden of chronic diseases has also been described at the sub-national level in various countries [85] . In Southern Mexico, there was a greater increase in mortality from diabetes and CVD at the end of the 20th century in comparison to the northern region, which is more developed [6, 85] . Because of this, authorities should not only implement a comprehensive strategy, but they should also design targeted strategies that consider the needs of every region. In the southern region, for example, coverage of antihypertensive drugs should be expanded to reduce the high prevalence of adults with hypertension who are not undergoing this treatment [72] . On the other hand, the high prevalence of hypercholesterolemia observed in this study is coupled with low-quality diets that have greater energy density in the northern region [86, 87] . This could be mitigated by improving the food environment, dietary recommendations, and increasing availability of and adherence to lipid-lowering treatment in this country area.
This paper gives an overview of the CVD burden in seven mega-countries. Cardiovascular indicators from the GBD study, the WHO Global Health Observatory, national surveys, and from published literature allowed us to compare epidemiological scenarios among nations. Presenting this information, along with CVD economic impact data, provides stakeholders with a comprehensive source of evidence regarding gaps in research, critical epidemiological actions, and financial measures that need to be addressed to counteract CVD. One of the identified barriers in some developing countries is the limited CVD risk monitoring in epidemiological surveillance systems. In Nigeria, for example, there is no representative national data regarding the population's lipid profile [88] . A similar situation occurs in three of the most important national surveys in India [89] . In Brazil, the population's lipid concentration has been only evaluated in a few cities [90] and the assessment of hypercholesterolemia in the National Health Survey is limited to self-reporting [43] . Therefore, governments and academic groups from these countries should secure resources to carry out population level studies that describe the prevalence of dyslipidemias. Prioritizing this would allow for a better design, evaluation, and reformulation of strategies to combat CVD.
The development of hypercholesterolemia, hypertriglyceridemia, and hypoalphalipoproteinemia is associated with the presence of obesity and its lifestyle-related determinants [91] [92] [93] [94] . These four CVD risk factors are the most prevalent in Mexico and have been reported to be even greater than in some of the analyzed countries. In Mexico and India, adults with overweight are 5.25 and 4.15 times more likely, respectively, to have mixed dyslipidemias and hypertriglyceridemia [38, 95] , while up to 95.2% of American individuals with obesity have lipid abnormalities [96] . Considering that reductions starting at 1% of the Mexican population's average BMI would save up to $986 million USD in the next years [51] , intensive strategies to improve dietary patterns, foster active lifestyles, and increase access to pharmacological treatments that normalize bodyweight and the lipid profile could be vital to moderate costs generated by CVD in Mexico and the other nations.
Statins are the most utilized medications in Mexico to treat CVD due to their cost-effectiveness [97] . Their average unit cost for Mexican health public institutions is ≈USD-PPP $1 [29] . However, the potential benefit of this treatment for Mexicans' cardiovascular health is mainly hampered by low adherence to medication, as in other countries [98] [99] [100] . In addition, low nutritional quality diets [16, 18, 101] and the high prevalence of physical inactivity and sedentarism [102, 103] in the country are major constraints for the statins' positive effects. Inaccurate classification of cardiovascular risk profiles by medical professionals and the lack of diagnosis, are other significant challenges to treatment. This leads to poor management of high-risk patients or extraneous therapies in lower-risk subjects that generate unnecessary costs [104] . This practice, in addition to high prescribed doses of statins and having a high cardiovascular risk profile, have been associated with the non-compliance of the LDL-c goals in Mexico, Brazil, and India [104] .
These challenges highlight the need to explore new care and treatment options, especially for population groups with the greatest cardiovascular risk. One alternative includes pharmaceuticals that enhance the receptor activity of the LDL-c molecules and its uptake from plasma to the cells. Until now, these drugs have been indicated in a small proportion of cases and have begun to be studied in clinical randomized control trials [105, 106] . Nonetheless, due to their approximate cost/person/year of $14,000 USD, these pharmaceuticals are not cost-effective in clinical practice [107, 108] . Given the high number of individuals in the population who are struggling with the affordability of CVD medicines, including aspirin, β blockers, angiotensin-converting enzyme inhibitors, and statins in mega-countries, such as Brazil, China, and India [109] , cheaper drugs are still a priority. A lower-cost option is a polypill made from the combination of active substances that produce drug synergism. Its use and formulation with patent-free substances have been proposed as strategies to improve adherence and cost-effectiveness of treatment for CVD [110] [111] [112] [113] [114] [115] [116] [117] [118] . However, consistent evidence is needed to support generalized use.
Due to the lack of comparable studies on CVD-related expenditures, the economic burden produced by these diseases cannot be standardized or easily characterized in the analyzed countries. Data from developed countries are obtained through comprehensive economic analyses, but with distinct methodologies and indicators. In estimates from the U.S.A., for example, costs were considered from hospital care, ambulance and emergency room, nursing services, and medications. In contrast, estimates from Japan were obtained from a study which adapted the Cost of Illness method, taking into account direct costs of medical attention, morbidity, mortality, and the long-term costs and economic burden for families [53, 59] . In Mexico, four recent studies developed with different comprehensive methods, national registries, and population-based datasets cover economic estimates for hypertension, IHD, heart failure, myocardial infarction, and atrial fibrillation from 2012 to 2017 [44] [45] [46] [47] . On the other hand, although a considerable number of studies from India and Nigeria at the regional level focused on catastrophic health expenditures or micro-costing approaches was identified, the nationwide current information on total CVD-related costs was limited. Methodological frameworks of some of these studies were not clearly reported (see Supplementary file 2).
Despite this heterogeneity, it is possible to suggest that the financial burden of CVD in developing countries may be higher than reported if all types of costs were considered. For example, estimates in Mexico indicate that four kinds of these diseases consumed approximately USD-PPP $11.2 billion in 2015 or the equivalent to ≈4% of the total health expenses in the country [45] . Although this study, considerably similar to another in Brazil [68] , uses direct costs such as patients' hospital care and the loss of economic productivity, these statistics and those from previous years would increase if out-of-pocket expenditures were included, which represent 44% of the total health expenditure and more than 50% of total expenses associated with hypertension in Mexican adults [46, 47] . Out-of-pocket CVD expenses for 15 months in countries such as China and India have been reported to be 15.0%-40.1% and 39.3%-54.9% of annual household expenses, respectively [119] . In addition, catastrophic health expenditure in some of the analyzed mega-countries is considerably higher in households where family members with hypertension live [120] ; further, it is significantly high, even for insured individuals [121] . In any case, the financial stress due to CVD experienced by families should be considered in future comprehensive studies.
Management of CVD is a large-scale challenge. In 2006, ≈60% of Mexican adults required interventions to reduce their cardiovascular risk [31] . Indeed, this prevalence could be greater considering current population ageing trends and CVD treatment updated guidelines. Optimal treatment for current CVD cases is key for diminishing the cardiovascular burden in the short term [84] . However, deficiencies in health systems, the complexity of illness, and the high cost of secondary care [84, 122] make it difficult to effectively treat CVD in countries such as Mexico [84] . Because of this, authorities from each country should opt to allocate resources to a systematic strategy focused on improving capacity of health care personnel through modifications to university study plans that encourage of lifelong learning, strengthening family inclusion and motivation techniques in medical care, and on guaranteeing technological infrastructure and drugs for adequate management and treatment of patients.
The CVD burden should also be addressed through effective interventions based on the life-course approach and environmental strategies. The modification of the food system through taxes to sugar sweetened beverages (SSBs), an understandable front-of-pack nutrition label, and subsidies for healthy foods are complementary components to prevent cardiovascular risk factors, CVD, and its comorbidities in the next generations. They favor healthy diets and facilitate informed consumption decisions in general and at-risk population [3, 123, 124] . Furthermore, the SSBs tax has been shown to reduce sales of these products in Mexico and other countries [125] [126] [127] [128] [129] [130] , which in the long-term could decrease cardiovascular risk factors such as high BMI and hyperglycemia, bringing considerable economic benefits. Accordingly, this fiscal measure should be considered a policy with great potential if it is adopted as a CVD prevention strategy.
Conclusions
The findings of this study have implications for future research and public health actions related to CVD in the analyzed countries. In general, this study highlights for international congruency in methods and implementation practices in order to more effectively compare across countries, specifically to identify the attributable economic impact of CVD in these nations, considering expenditures absorbed by institutions and families. Public health implications are evident considering that CVD currently generate a significant health and economic burden around the world, particularly in Mexico and six other mega-countries that hold approximately 50% of the global population. Although the increase of morbidity and cardiovascular mortality in the developed countries from this group of nations has slowed in the last years, projections show that costs related to CVD will remain significant in the next decades. Consequently, investment in strategies and prevention policies must continue and be raised in order to reduce the incidence of these diseases and their risk factors in developed mega-countries.
Developing mega-countries face greater obstacles due to CVD than developed countries. They also experience shortcomings in clinical practice associated with failure to reach lipid profile targets and deficiencies in epidemiological surveillance instruments that limit cardiovascular monitoring in the population. This suggests an urgent need to implement well-structured interventions at the primary and secondary care level in order to optimize diagnosis, the prescription of pharmacological treatment and lifestyles, and the adherence to these interventions, especially in countries such as Mexico and India, where higher prevalence of some dyslipidemias are observed. The evaluation of dyslipidemias in the Nigerian and Brazilian population through national representative studies must be strengthened. Governments from developing mega-countries must centralize their efforts so that the food system does not favor the obesogenic environment and exacerbate the high contribution that dietary risk factors already have on CVD mortality rates, as this would translate into a substantial reduction in the economic impact and health burden caused by these diseases in the next generations. The loss of sustainable development that CVD would eventually cause to the most populated countries in the world will only be mitigated through the implementation of cost-effective strategies at all the medical care levels and by adopting a preventive health approach.
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